Using cottonseed hull as the control substrate, different proportions of the untreated and treated Carya cathayensis Sarg shells were added to cultivation of Pleurotus geesteranus. The mycelial growth rate, yield, nutritional composition and contents of heavy metals of the Pleurotus geesteranus cultivated on these substrates were determined. The results suggest that added to treated Carya cathayensis Sarg shell promoted the mycelial growth and increased the yield, biological efficiency and the contents of crude fiber, ash, amino acids and essential amino acids of Pleurotus geesteranus. In addition, the fat content and soluble sugar contents of Pleurotus geesteranus were decreased with the increase of the Carya cathayensis Sarg shell content in substrate, but their contents of heavy metals including mercury (Hg), arsenic (As), cadmium (Cd) and lead (Pb) were higher than that obtained on control substrate.
Journal of Geoscience and Environment Protection husk and dry seed is about 5:1 (Jiang, 2008) . The C. cathayensis shell produced from the processing of hickory nut is usually discarded onsite or burned as a fuel, which imposes serious pollutions on the environment. Researchers have explored the application of C. cathayensis shell as the substrate for the cultivation of Pleurotus geesteranus (Wang, 2012) . However, only the nutrients in the Pleurotus geesteranus cultivated on the C. cathayensis shell substrate were analyzed. The nutritional composition and heavy metals in the Pleurotus geesteranus cultivated on C. cathayensis shell containing substrates, as well as the effects of the saponin and tannin in C. cathayensis shell on the mycelial growth rate and nutritional composition of Pleurotus geesteranus have not yet reported.
Pleurotus geesteranus, also known as the pocket-sized mushroom and Pleurotus ostreatus, belongs to genus Pleurotaceae of the order Agaricales of the phylum basidiomycetes of the domain Enkarya. It contains abundant proteins, fats, fungal polysaccharides, vitamins and micronutrients, and 8 essential amino acids. Pleurotus geesteranus is very popular in China due to its crispy and delicious taste Lu et al., 2001) . In the present work, the conventional cottonseed hull substrate was partially substituted with the treated or untreated C. cathayensis shell for the cultivation of Pleurotus geesteranus. The formula of substrate was optimized by evaluating the mycelial growth rates, yields, biological efficiencies, nutritional compositions and contents of heavy metals of Pleurotus geesteranus cultivated on 9 designed substrates, aimed to provide a scientific foundation and technical supports for the cultivation of Pleurotus geesteranus on C. cathayensis shell containing substrates.
Materials and Methods

Materials
C. cathayensis shell was collected from the Lin'an District, Hangzhou City, Zhejiang Province, China. Pleurotus geesteranus spawn and cottonseed hull were composting pile was turned every 5 days. The compost temperature increased to 40˚C on day 5, and the high temperature phase (>40˚C) lasted for 10 days with the highest temperature of 42˚C. The compost temperature decreased to room temperature on day 30. The compost pile was sampled by a five-point sampling method (Zhao et al., 2013) . A portion of the fresh sample was stored at −20˚C, and the remaining sample was dried at 65˚C and pulverized for further analysis. Table 1 lists the physical and chemical properties of the C. cathayensis shell before and after the treatment determined by the method reported previously (Zhang et al., 2018) and those of the cottonseed hull reported in literature (Tian et al., 2013) .
Formation of Substrates
Nine substrates including the pure cottonseed hull as the control substrate and the cottonseed hull partially substituted with different ratios of C. cathayensis shell were designed and prepared as shown in Table 2 .
Experimental Methods
The mushroom test was conducted in January 2019 in the laboratory of the institute of subtropical forestry, Chinese academy of forestry, fuyang district, hangzhou city, zhejiang province, China. The ingredients of each substrate were weighed and well mixed. The moisture content of each substrate was adjusted to inoculated and cultured in a dark culture chamber at 20˚C -23˚C under the humidity of 50% -70%. The collar and lid were removed after the mycelia covered the bag completely, and the bags were moved to a mushroom cultivation room with the temperature of 22˚C -24˚C and the humidity of over 90%. The cultivation room was kept ventilated to avoid the accumulation of carbon dioxide that might cause the malformation of the mushroom. The Pleurotus geesteranus were harvest as the mushroom caps became 2 -3 cm big.
Determination of Mycelial Growth Rate
For each substrate, 10 bags were randomly selected. The lengths of mycelia were measured every 5 days and the mycelial growth rate at every measurement was calculated. The last measurement was conducted as the mycelia completely covered the bag. The average mycelial growth rate on each substrate was calculated and analyzed (Song et al., 2017) .
Biological Efficiency
Biological efficiency (%) = yield per bag (g)/dry weight per bag (g) × 100% (Lin et al., 2010) .
Determination of Nutritional Composition
Fresh Pleurotus geesteranus were harvested and the residues of stipe were removed. The mushrooms were dried in an oven at 60˚C and pulverized for the measurements. The contents of ash, fat, crude fiber and amino acids were determined according to the protocol defined in GB 5009.4-2016, GB 5009.6-2016, GB/T 5009.10-2003 and GB 5009.124-2016. The contents of heavy metals including Hg, Cd, As and Pb were determined according to the method of GB 5009.268-2016. Determination of soluble sugar by anthrone colorimetry. Each measurement was repeated three times and the mean value was reported.
Data Analysis
All data analyses and processing were conducted in EXCEL. saponin and the C/N of substrate increase with the increase of the untreated C. cathayensis shell content. The mycelial growth rate more slowly, following the order of A1 > A2 > A3 > A4 > CK. On the substrates B1-B4, the mycelial growth rate increased with the increase of the treated C. cathayensis shell with the order of B4 > B2 > B3 > B1 > CK. In addition, the overall mycelial growth rate on substrates B1-B4 is higher than that on substrates A1-A4. These results suggest that the C. cathayensis shell added in cottonseed hull substrate can accelerate the mycelial growth of Pleurotus geesteranus. High concentrations of Tannin and saponin inhibit the mycelial growth of Pleurotus geesteranus, and low concentrations of tannin and saponin promote the growth of Pleurotus geesteranus. The C/N ratios of substrate greater than 30 inhibit the mycelial growth of Pleurotus geesteranus. 
Results and Analysis
Effects of C. cathayensis Shell Content on the Mycelial Growth of Pleurotus geesteranus
Effects of C. cathayensis Shell on the Yield and Biological Efficiency of Pleurotus geesteranus
Ash Content
The ash content reflects the mineral content of an edible fungus. The higher the ash content, the richer the mineral elements in the edible fungus. In general, the mineral content in edible fungi is 3% -12% with the average value of 7%, among which K, P, Na, Ca and Mg account for 56% -80% of the total mineral content.
These minerals play important roles in regulating the body fluids and maintaining normal metabolism of cells (Tong et al., 2006) . Figure 2 shows the ash contents of the Pleurotus geesteranus cultivated on different substrates. Because the ash content of the untreated C. cathayensis shell is very low (Table 1) , the ash content of Pleurotus geesteranus decreases first and then increases with the increase of the untreated husk content in substrate. In addition, the ash contents of the Pleurotus geesteranus cultivated on substrates A1 -A4 are higher than that of the control group. The treatment significantly increased the ash content of C. cathayensis shell. Therefore, the ash content of Pleurotus geesteranus increased with the increase of the treated husk content in substrate. The highest ash content of Pleurotus geesteranus was obtained on substrate B4 with the value of 8.60 g/100 g, 1.40 g/100 g higher than that obtained on CK and 0.60 g/100 g higher than that obtained on A4. The Pleurotus geesteranus cultivated on substrate B1
gave the lowest ash content of 7.70 g/100 g, but which was still 0.50 g/100 g higher than that obtained on substrate CK. Based on these results, it can be concluded that adding C. cathayensis shell to the cultivation substrate can increase the ash content of the cultivated Pleurotus geesteranus. Journal of Geoscience and Environment Protection al., 2006) . As shown in Figure 3 , the fat contents of Pleurotus geesteranus cultivated on the substrates containing untreated or treated C. cathayensis shell are lower than that of the control group. For the Pleurotus geesteranus cultivated on substrates containing untreated C. cathayensis shell, the fat content follows the order of A1 > A2 > A3 > A4 due to the low crude fat content of the untreated C. cathayensis shell. The Pleurotus geesteranus cultivated on substrates B1 -B4 containing treated C. cathayensis shell exhibited the fat contents in the order of B1 > B2 > B3 > B4. The overall fat contents of Pleurotus geesteranus cultivated on different substrates are in the order of CK > A1 > A2 = B1 > B2 > A3 > B3 > A4 > B4, e.g. the fat content of Pleurotus geesteranus decreases with the increase of the C. cathayensis shell content in substrate. These results indicate that C. cathayensis shell can be used as a substrate material to reduce the fat content of cultivated Pleurotus geesteranus. Figure 4 shows the contents of soluble sugar of the Pleurotus geesteranus cultivated on different substrates, with the overall order of CK > B > A. Either on substrates A1 -A4 containing untreated C. cathayensis shell or on substrates B1 -B4 containing treated C. cathayensis shell, the soluble sugar content of Pleurotus geesteranus increases first and then decrease with the increase of the husk content in substrate, but is lower than that of the control group. It can be explained with the low contents of soluble sugar and hemicellulose and high lignin contents in the C. cathayensis shell containing substrates.
Content of Soluble Sugar
Crude Fiber Content
Crude fiber refers to insoluble dietary fibers mainly including cellulose, hemicellulose and lignin. As shown in Figure 5 , the crude fiber contents of the Pleurotus Journal of Geoscience and Environment Protection geesteranus cultivated on different substrates are significantly different. The crude fiber content of Pleurotus geesteranus cultivated on the treated C. cathayensis shell containing substrate is highest, followed by that obtained on the untreated C. cathayensis shell substrate. The control group exhibited the lowest crude fiber content. On the substrates A1 -A4 containing untreated C. cathayensis shell, the crude fiber content of Pleurotus geesteranus decreased first and then increased with the increase of the untreated husk content. The crude fiber content of the Pleurotus geesteranus cultivated on substrate A1 is the highest with the value of 9.11%, 6.91% higher than that of the control group. That of the Pleurotus geesteranus cultivated on substrate A3 is the lowest with the value of 3.63%, but it is still 1.43% higher than that of the control group. The crude fiber content of Pleurotus geesteranus cultivated on the treated C. cathayensis shell containing substrate decreased first and then increased with the increase of the husk content. However, the overall crude fiber contents are higher than those obtained on substrates A1 -A4. The Pleurotus geesteranus cultivated on substrate B1 exhibited highest crude fiber content of up to 13.05%, which was 10.85% higher than that of the control group and 3.94% higher than that obtained on A1. The cultivation on substrate B3 resulted in the lowest crude fiber content of 8.70%, but it was still 6.50% higher than that of the control group and 5.07% higher than that obtained on substrate A3. It can be explained that the cellulose and lignin in the untreated C. cathayensis shell are macromolecules and thus cannot be effectively utilized by the edible fungus. In contrast, the structures of cellulose and lignin in the treated C. cathayensis shell have been destroyed during composting, which makes them easily utilized by the Pleurotus geesteranus. Therefore, the crude fiber content of the Pleurotus geesteranus cultivated on the substrate containing treated C. cathayensis shell is higher than those obtained with substrate containing the untreated C. cathayensis shell and the control substrate. The cultivation on the substrate containing the untreated C. cathayensis shell resulted in the Pleurotus geesteranus with higher crude fiber contents than that of the control. Based on these results, it can be concluded that blending C. cathayensis shell into the conventional cottonseed hull substrate can increase the crude fiber content of Pleurotus geesteranus.
Composition and Contents of Amino Acids
Edible fungi contain 17 -18 of amino acids required by human body and almost all 8 essential amino acids, especially lysine, methionine and threonine that are lacked in cereals (Tong et al., 2006) . Table 4 lists the contents of amino acids in the Pleurotus geesteranus cultivated on different substrates. It is clear that partially substituting cottonseed hull substrate with C. cathayensis shell increased the total amino acid content of Pleurotus geesteranus in the order of B > A > CK. On the substrates A1 -A4, the total amount of amino acids, the total amount of essential amino acids, the total amount of non-essential amino acids and the total amount of umami amino acids of Pleurotus geesteranus decreased that of the non-essential amino. It is clear that the total amount of each amino acid of Pleurotus geesteranus decreases first and then increases with the increase of the C. cathayensis shell content and is higher than that of the control group. In addition, the ratios of the essential amino acids in the Pleurotus geesteranus cultivated on the C. cathayensis shell containing substrates meet the ideal E/T of protein (40%) and E/N (60%) of edible fungi proposed by WHO/FAO.
Contents of Heavy Metals
The national standard of China Hygienic standard for edible fungi, GB 7096-2003, requires total arsenic (As) ≤ 1.0 mg/kg, total mercury (Hg) ≤ 0.2 mg/kg and total lead (Pb) ≤ 2.0 mg/kg in edible fungi. Green Food-Edible Fungi, GB 2762 -2012 NY 749-2012 , states the limits of Pb and Cd of no more than 1.0 mg/kg and 0.5 mg/kg, respectively. creased with the increase of the husk content, but all heavy metal contents were within the limits defined above. Similarly, on substrates B1 -B4, the heavy metal contents of Pleurotus geesteranus increased with the increase of the treated husk content, and the As content became higher than the limits mentioned above as the husk content increased to 30%. It has been reported that edible fungi have strong abilities to accumulate heavy metals. It is well accepted that inorganic arsenic is highly toxic, and organic arsenic is less toxic or non-toxic. Therefore, it is recommended that limit of As refers to the inorganic As (Lin et al., 2012) . 
Conclusion
C. cathayensis shell was added to the cottonseed hull substrate for the cultivation of Pleurotus geesteranus. It was found that the treated C. cathayensis shell in substrate accelerated the mycelial growth and effectively increased the yield, biological efficiency and the contents of crude fiber, amino acids and essential amino acids of Pleurotus geesteranus. The content of tannin and saponin and the C/N ratio of substrate affected the mycelial growth rate of Pleurotus geesteranus. Adding C. cathayensis shell to the substrate also reduced the fat and soluble sugar contents of the cultivated Pleurotus geesteranus. The ash content of the C. cathayensis shell in substrate directly affects the ash content of cultivated Pleurotus geesteranus. The contents of heavy metals including Hg, As, Cd and Pb increase with the increase of the C. cathayensis shell content in substrate, but are within the limits defined in national standards, except for the As content as the C. cathayensis shell content increased to 30%.
